ABSTRACT
Introduction
In recent years, concerns have been growing about the decrease in male reproductive health as found in declining semen quantity and quality in developing countries 1 . Literature reports an increasing risk of poor semen quality with increasing coffee consumption 2 and caffeine has been implicated in a number of epidemiologic studies as a risk factor for infertility, fetal loss, and fetal growth impairment 3 . However, a literature review of human studies from 2000 to 2009 reported no positive relationship between caffeine consumption and adverse effects on fertility 4 .
The majority of the world's population including pregnant women uses substantial amounts of caffeine on a regular basis 5, 6 . The most commonly known sources of caffeine are coffee, cocoa beans, kola nuts, and tea leaves, but at least 63 plant species worldwide present compounds known as methylxanthines like caffeine (1, 3, 7-trimethylxanthine) 7 . Importantly, caffeine as a hydrophobic compound is able to pass through the placenta, reaching the fetus 8 .
Caffeine elimination half-life increases in late gestation; and infants poorly metabolize caffeine until three months of age 9 . These observations give rise to the concept that the intake of caffeine during gestation represents a sort of fetal programming 10 .
Given the contradictory results on the reproductive effects of caffeine, the goal of the present study was to investigate the possible effects of the maternal caffeine consumption during pregnancy to adult male testis mice offspring.
Methods
The study was performed in accordance with the guidelines of the ''Care Use of Laboratory Animals''. The handles and experimental protocols were approved by the Animal Ethics
Committee of the State University of Rio de Janeiro, Brazil (protocol 029/2012). All the animals were kept under standard conditions (12h light/dark cycles, 21±2 0 C, humidity 60±10%) and had free access to water and standard rodent chow 11 .
Ten C57BL/6 females were mated with males and the day 1 of gestation was considered the day that the vaginal plug was found positive. Then, pregnant mice were transferred to individual cages and were randomly divided into two groups (n=5 each group): Control group (C) mothers received daily subcutaneous saline 0.9% NaCl, and Caffeine group (CF) mothers received daily 20 mg/kg of caffeine subcutaneously (1 mg/mL in saline, SigmaAldrich Co., St. Louis, MO, USA), which mimetizes the dose of four to six cups of coffee per day in humans 12 . In both groups, the injections were made from the first day until the end of gestation.
Within 24h of birth, excessive pups were removed so that only six pups were kept per dams to maximize lactation performance 13 . The offspring of Control mothers were named as control (C), and the offspring from Caffeine mothers were named as caffeine (CF). After weaning, one male per litter was randomly taken to form the experimental groups, based on their dams (n=5 each group). They were housed until adulthood (three months old) with free access to food and water. Each mouse was weighed weekly during the experimental period, and food intake was measured daily.
All animals were killed with an overdose of pentobarbital Deparaffined sections of the testis were used to evaluate both the proliferation and apoptosis by immunohistochemistry.
Briefly, the sections were incubated for two hours at 37°C with The serum concentrations of testosterone and estradiol were measured by chemiluminescence (Roche). The limit of detection was 0.025 ng/mL for testosterone and 5.0 pg/mL for estradiol. Leptin was measured by Elisa (Millipore) and the limit of detection was 0.08 ng/mL.
For protein evaluation by Western blot, testis was homogenized in 250µL TEG buffer (50 mMTris, pH 7.4, 1.5 mM Methylenediaminetetra-acetic acid, 50 mM NaCl, glycerol 10%, 5 mM dithiothreitol, 1µg/mL of protease inhibitor cocktail -SigmaAldrich, MO,USA). The tissue homogenates were centrifuged twice at 3.000 xg for 20 min at 4 0 C, and the supernatants were used for analysis. The antibodies used are described in Table 1 . The data are shown as mean and standard error of the mean. The differences between the groups were analyzed with the unpaired Student's t test with Welch's correction as needed.
Primary antibody
p<0.05 was considered statistically significant. 
Results
Maternal caffeine administration during pregnancy resulted in a significant reduction in food intake from the 11th week, and body mass from the 6th week until sacrifice ( Figure   1 ). At the end of the experiment, the testis mass/tibial length ratio was reduced by 19% in the CF group compared to the C group (C group, 7.8±0.3% g/cm; CF group, 6.3±0.2% g/cm; p<0.002). In addition, there was a significant decrease in the PCNA expression, and an increase in the Bcl-2 associated X protein (BAX) expression in the CF group (Figure 3) .
The testis of the mice C57/BL6 offspring in adulthood have alterations due to maternal caffeine consumption

FIGURE 2 -Western blot analysis of AR (A), FSHR (B), LHR (C), StAR (D), Ob-R (E), VEGF (F), Aromatase (G), ERα (H)
and ERβ (I) of the offspring's testes whose mothers received 0.9% NaCl (C) or caffeine (CF; 20 mg/kg/day) during pregnancy. Proliferation was more evident in the germinal epithelium near the basal membrane, while the apoptosis seemed to affect the entire seminiferous epithelium of the offspring whose dams were submitted to caffeine administration during pregnancy (Figure 4) . The serum testosterone levels in the CF offspring were 90% lower than in the C offspring (p=0.04). However, the statistical analysis was not able to detect a significant difference concerning the serum leptin and serum estradiol ( Figure 5 ).
Discussion
In the present study, maternal caffeine consumption during pregnancy had an impact on the mice offspring. No significant difference was observed in the body mass of the pups in the birthday. The consumption of caffeine by mothers during gestation has been associated with a low body mass of the pups at birth, or caused no alteration in the body mass of pups 15 . In addition, present results reinforce the hypothesis that caffeine has anorectic effects by promoting satiety and reducing body mass gain in the offspring 16 , since the caffeine-treated group presented a reduction in the food consumption and the body mass gain.
The adequate bioavailability of testosterone plays a role in the structural and functional integrity of the reproductive organs 17 .
In the present study, serum testosterone in the CF offspring was much lower than in the C offspring but, probably due to the small . In the present study, the maternal caffeine intake disrupt the autoregulation process since the CF offspring presented high levels of serum leptin and a concomitant increase in the leptin receptor expression. Therefore, we could speculate that caffeine consumption during pregnancy programmed this tissue by increasing the expression of leptin receptors.
Both hormones testosterone and estradiol are known to autoregulate their receptors. In spite of having no reasonable explanation, caffeine did not change this process; low testosterone levels could have been responsible for the decrease observed in the 
Conclusions
The maternal caffeine consumption has a role and alters the testis of the offspring in adulthood. Besides, the results indicate that gestation is a sensitive period for induction of permanent adverse effects of caffeine on the offspring testis.
